WHAT THIS STUDY ADDS:
Race is associated with an unequal burden of perioperative pain and opioid adverse effects in children. Relatively, African American children had higher postoperative pain, and Caucasian children had higher incidences of opioid related adverse effects. abstract BACKGROUND: Interindividual variability in pain perception and analgesic response is a major problem in perioperative practice. Adult studies suggest pain management is influenced by patient' s race. The objective of this study is to evaluate the influence of race on perioperative pain treatment in children.
METHODS:
Prospective observational study evaluating effect of race on analgesia and opioid related adverse effects after tonsillectomy in African American and Caucasian children. A sample of 194 healthy children between 6 and 15 years of age were included. Race was self-identified by parents. All participants received standard perioperative care with a standard anesthetic and an intraoperative dose of morphine. Analgesia outcomes included maximum postoperative pain scores, postoperative opioid requirement, and analgesic interventions. Safety outcomes included incidences of opioid related adverse effects.
RESULTS:
African American children experienced significantly more postoperative pain than Caucasian children as measured by postoperative opioid requirement (P = .0011), maximum postoperative pain scores (P , .0001), and analgesic interventions (P , .0001) in the recovery room. Although Caucasian children received relatively less opioids perioperatively, they had significantly higher opioid related adverse effects (P = .039). African American children with obstructive sleep apnea were more likely to have prolonged post anesthesia recovery unit stay due to inadequate pain control.
CONCLUSIONS:
After similar uses of intraoperative morphine for tonsillectomy, there was an unequal burden of increased pain in African American children and increased opioid adverse effects in Caucasian children in the recovery room. Though Caucasian children received relatively less opioids perioperatively, they had higher incidences of opioid related adverse effects than African American children. Inadequately treated pain is a major public health problem and is a continuing problem in the perioperative setting in children. 1 Interindividual variability in analgesic response and adverse effects of analgesic drugs is a major problem in perioperative practice, especially for drugs with narrow therapeutic indices such as opioids.
Pain is a highly complex, predominantly subjective, dynamic phenomenon that involves biological, psychological, and social factors. Pain sensitivity appears to differ among races/ethnicities. Specifically, considerable evidence exists that African American and Hispanic patients report lower tolerance for experimentally induced pain compared with Caucasian adults. [2] [3] [4] In addition, several studies have revealed evidence of disparities in the prescription of opioid analgesics among racial and ethnic groups in the management of postoperative, 5 cancer, 6 and emergency department [7] [8] [9] pain in patients across all ages, including children.
If racial disparities in pain management are to be eliminated, and care individualized, we need to better understand the role of race in opioid effects. No authors have examined the effect of race in surgical pain perception and opioid management in children. The purpose of this study was to investigate the influence of race on postoperative pain perception, opioid requirements, and opioid related side-effects in children. Such knowledge will advance the ultimate goal of individualizing perioperative pain management in children.
METHODS

Study Design and Setting
This was a prospective clinical observational study with standard of perioperative anesthetic, surgical, and nursing care with a single group. This study was approved by the institutional review board, and written informed consents, and assentswhen appropriate, Children were excluded if they or their parents were non-English speaking. Children allergic to study medications or who had developmental delay, liver or renal diseases, or preoperative pain requiring analgesics (eg, chronic tonsillitis) were excluded. Due to limited availability of research coordinators for this study, we were not able to recruit all eligible subjects, which resulted in convenient sampling (Fig 1) .
Outcome Measures
Subjective pain assessments were done by using a 0 to 10 Numerical Rating Scale (NRS). 13 Objective pain assessments were done with 0 to 10 FLACC (facial expression, leg movement, activity, cry, and consolability) scale. 14 The analgesic effectiveness outcomes included maximum postoperative pain scores, prolonged post anesthesia recovery unit (PACU) stay (.90 minutes) due to inadequate pain control, postoperative morphine dose (mg/kg), need for an intravenous analgesic intervention, and the number of total analgesic interventions. Two binary safety outcomes were examined: opioid related side effects and prolonged PACU stay secondary to opioid related side effects.
Opioid related side effect in the PACU was generated according to whether the patient had at least 1 of the following: opioid related respiratory depression (yes/no), nausea/vomiting (yes/ no), excessive sedation (University of Michigan Sedation scores 3 and 4), 15, 16 or pruritus (yes/no).
Standard Care and Study Procedures
All participants received uniform perioperative care, including a standardized surgical technique and anesthesia with an intraoperative dose of 0.2 mg/ kg of morphine, except children with OSA, who received a morphine dose of 0.1 mg/kg.
Standardized Anesthesia and PACU Protocol
It is standard practice that all tonsillectomy children get prophylactic ondansetron and dexamethasone intraoperatively. The anesthetic technique was similar in study subjects in terms of sevoflurane inhalational induction, propofol to facilitate endotracheal intubation, and sevoflurane inhalational anesthesia maintenance without use of neuromuscular relaxants, along with a standardized initial dose of morphine. were any signs suggestive of pain (clinically significant increase in heart rate and blood pressure), the clinical anesthesia team provided additional morphine intraoperatively.
Significant postoperative pain (NRS or FLACC $4/10) was managed in the PACU with rescue doses of morphine (0.05 mg/kg). Analgesic interventions and total morphine requirements (calculated by using the sum of the intraoperative dose and postoperative analgesic interventions) along with opioid adverse effects in PACU including respiratory depression were collected. Clinical respiratory depression is defined as respiratory rates ,10 per minute or persistent oxygen desaturation ,92% requiring supplemental oxygen to maintain pulse oxygen saturation .92% in the absence of clinically obvious upper airway obstruction.
Statistical Analysis
Statistical analyses were performed by using SAS, version 9.2 (SAS Institute, Inc, Cary, NC). Before analyses, the quality of the data was examined. Outcome measurements were compared between African American and Caucasian children overall and stratified by OSA.
To account for covariate effects, statistical modeling was then performed. Binary outcomes, including opioid related side effects, prolonged PACU stay due to pain, and intervention need, were analyzed by using logistic regression. Maximum pain score was analyzed by using a zero-inflated negative binomial model because of the inflated frequency of score 0. The total number of analgesic interventions followed a Poisson distribution and was analyzed by using a generalized linear model. Postoperative morphine dose was analyzed in patients who needed intervention by using a linear regression. We included age, sex, weight, BMI z-scores OSA, intraoperativemorphinerequirement(mg/kg), or total morphine requirement (mg/kg) as important covariates in our statistical models when significant effects were detected. Prolonged PACU stay due to pain, intervention need, maximum pain score, total number of analgesic interventions, and postoperative morphine dose were all used to measure the analgesic effect, and thus are highly correlated with each other (mean Spearman' s r = .72). Similarly, moderate correlation between opioid related side effects and other side effect outcomes was detected (mean Spearman' s r = .35). Opioid related side effects were also weakly correlated with analgesic effects outcomes (mean Spearman' s r = .16). Given the correlations among outcome variables, we classed all the outcomes into 2 outcome families, and adjusted the family wise error rate to 0.025 by using Bonferroni correction.
RESULTS
Demographics
A consort diagram illustrates eligible, approached, and enrolled study subjects (Fig 1) . Data collected from 194 Caucasian and African American children were analyzed (Fig 1) . No significant differences were detected in age, weight, gender ratio, BMI, BMI z score, or BMI percentile between African American and Caucasian children (Table 1). The proportions of OSA differed by race; African American children had a higher proportion of OSA than Caucasian children. Therefore, outcomes in different races were compared with and without history of OSA stratified.
Efficacy/Analgesia Outcome Measures
To compare postoperative pain and analgesic measures in different races, we first summarized the means or proportions of maximum FLACC pain scores in the PACU, postoperative morphine use, incidence of prolonged PACU stay due to inadequate pain control, postoperative analgesic intervention need, and number of postoperative analgesic interventions ( Table 2 ). The
FIGURE 1
The consort diagram illustrates the flow of study participants through this clinical trial. Eligible participants, reasons for exclusions, and enrolled patients are reported. IRB, institutional review board.
comparisons of means and proportions suggested that African American children had significantly higher pain than Caucasian children and needed more analgesic interventions, especially in those with a history of OSA (Table 2) . After adjusting for potential confounders in a statistical model, African American children showed higher FLACC scores (P , .0001), higher odds of intervention need (P = .0029), more interventions (P , .0001), and a greater postoperative morphine requirement (P = .0011). No OSA or OSA by race effects were detected in these outcomes. However, a significant race-specific OSA effect was detected (P = .0064) for prolonged stay in PACU due to inadequate pain control. Our statistical model demonstrated that while OSA revealed no effect in Caucasian children, African American children with OSA were more likely to have prolonged PACU stay due to inadequate pain control.
Safety Outcome Measures
Overall incidences of opioid related side effects in the PACU and incidences of prolonged PACU stay due to side effects were relatively higher in Caucasian children compared with African American children, especially in the setting of relatively lower total perioperative opioid use in Caucasian children compared with African American children (Tables 2  and 3 ; Fig 2) . After adjusting for total morphine administered, though no significant race effect was detected for respiratory depression alone, overall opioid related adverse effects were significantly higher in Caucasian patients (odds ratio = 2.8 [95% Confidence Intervals: 1.1-7.6], P = .039). Prolonged PACU stay due to side effects also tended to be higher in Caucasian children (odds ratio = 3.47 [95% CIs: 0.9-13.9], P = .079).
BMI z score revealed some effect on postoperative morphine requirement (P = .028) and prolonged PACU stay due to side effects (P = .017). After accounting for the effect of BMI z score, the conclusion of race effect on these outcomes remains unchanged.
DISCUSSION
This study demonstrates that African American and Caucasian children exhibit significant differences in postoperative pain responses, postoperative opioid requirements, and opioid adverse effects after tonsillectomy or adenotonsillectomy. African American race is associated with higher maximum postoperative pain scores and greater postoperative morphine requirements, whereas Caucasian race is associated with higher incidence of opioid related adverse effects despite lower morphine requirement. Importantly, these differences were independent of OSA.
In our study, African American children had significantly higher postoperative pain scores and received more morphine than Caucasianchildren. The higher pain scores in African American children are consistent with adult studies. [17] [18] [19] [20] [21] An experimental study in children examined the influence of race on children' s pain sensitivity and revealed a differential moderating effect of pain coping and pain sensitivity between African American and Caucasian children. 22 Authors of previous studies have demonstrated that African American patients have disproportionally inadequate pain control than Caucasian patients. 6, 9, 23 We showed that African American and Caucasian children receiving similar doses of morphine during surgery have different postoperative pain experience for the same surgical procedure.
Racial disparities in pain management have been reported in emergency department, 9 cancer, 6 and postsurgical pain management. 5 Though these studies 6,9,23 suggest that there is under treatment of African American patients leading to inadequate pain control, our study indicates that African American children have intrinsically higher morphine requirements for comfort after surgery. African American children had higher postoperative pain scores in the PACU after receiving identical morphine doses to Caucasian children.
We also found that African American children had lower levels of side effects and increased tolerance of higher morphine doses than Caucasian children. Overall incidences of opioid related side effects in the PACU and incidences of prolonged PACU stay due to side effects were higher in Caucasian children compared with African American children, despite Caucasian children receiving relatively lower total perioperative opioid dose than African American children (Fig  2) . Though a few children had clinical respiratory depression with higher doses of opioid, in our monitored PACU setting, none of the participants had serious harm or required re-intubation, naloxone use, or extended ventilator support.
Tonsillectomy and adenotonsillectomy are a common surgical treatment of recurrent tonsillitis and OSA in children. 24 OSA is a common indication for adenotonsillectomy in children. African Americans have higher incidence of OSA than Caucasian patients, 25 which was observed in this study' s pediatric population as well. Postsurgical administration of opioids in patients with OSA has recently been linked to an increased risk for respiratory complications. 26 It is recommended that the total opioid dose to ensure adequate analgesia is about half in children with OSA compared with those with no OSA history. 24 Paradoxically, in our study we observed significantly higher incidence of opioid related adverse effects in Caucasian children than African American children.
Because of this increased sensitivity to morphine related adverse effects in children with OSA, children in our study who presented for tonsillectomy due to OSA had lower intraoperative morphine doses compared with those presented forrecurrenttonsillitis.Despitecontrolling for OSA in the study design, a history of OSA appears to be associated with increased pain and analgesic requirement in African American children. Our results indicate that reducing morphine dose is reasonable practice for Caucasian patients with OSA but may be leading to more pain related complications postoperatively in African American children with OSA.
In our follow-up and related study, we observed that African American children have higher morphine clearance than Caucasian children. Common UGT2B7 genetic variations (2161C. T and 802C.T) were not associated with observed racial differences in morphine's clearance although the wild type of the UGT2B7 isozyme is more prevalent in the African American patients. Race of the child is an important factor in perioperative intravenous morphine's clearance, and its potential role in personalizing analgesia with morphine needs further investigation (S.S., personal communication 2012).
There are a few limitations in our study. Although our study revealed an association between race and postoperative pain perception and responses to perioperative opioid, it is not possible to say whether these differences are related to race per se or to some unknown or not measurable variables that are highly associated with race, such as socioeconomic status, pain coping skills, and unknown genetic factors. 27 Because intraoperative doses of morphine in both races were the same, only postoperative doses differed between races. The differences in dosing are based on postoperative pain scores; thus we believe the data to be free of racial bias.
Accurate measures of pain intensity are needed if postoperative pain is to be adequately managed while avoiding potentially harmful side effects. Difficulties in communication with children especially after surgery while recovering from anesthesia can compromise subjective pain assessment. The NRS is a self-reported pain score. In addition to subjective pain scores, we used an objective pain score, FLACC score, to measure pain in children. The FLACC scale uses behavioral cues to evaluate the degree of pain, and it is unknown if children of different ethnic backgrounds behave differently in response to pain.
CONCLUSIONS
Our statistically significant association between race, pain perception, and clinical responses to morphine used to manage perioperative pain does not by itself establish causality.
Yet, our results demonstrate that race, with unknown differences in underlying genetic and associated nongenetic factors, influences surgical pain and opioid responses in children. When managing children' s pain, clinicians In the contingency table, the raw adverse outcome data for each of the children is described as categorical "yes" or "no" instead of probabilities for overall total perioperative morphine use (in mg/kg). AA, African-American.
FIGURE 2
Racial differences in morphine related adverse events and perioperative morphine use; total morphine dose is plotted in the x axis and the probabilities of morphine related adverse effects are plotted in the y axis for African American and Caucasian children. The red dots and blue stars represent raw opioid side effect data (yes side effect as 1, and no side effect as 0). Overall incidences of opioid related side effects in the PACU were relatively higher in Caucasian children compared with African American children, despite a relatively lower mean total perioperative opioid use in Caucasian children (0.24 mg/kg) compared with African American children (0.3 mg/kg).
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